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FOREWORD 

Why  automatic  progrananing?  One  motivation  perhaps  may  be  a  scarcity 
of  competent  progranmers  for  the  solution  of  problems,  which,  Dr.  Wilkes 
suggests,  may  be  due  in  turn  to  the  fact  that  once  programmers  achieve 
ccanpetence  they  become  more  interested  in  developing  automatic  program- 
ming techniques  than  in  solving  problems.  In  any  event,  the  desire,  and 
perhaps  the  need,  to  increase  the  degree  of  automatization  in  programming 
is  veiy  much  with  us  and  should  be  met.  It  is  also  in  our  interest  to 
devise  means  by  which  the  programming  and  coding  for  our  machine  (a  Univac) 
can  be  reduced  in  its  complexity;  and  need  for  attention  to  detail,  with  a 
view  toward  making  the  machine  available  to  persons  whose  primary  interest 
is  not  in  the  machine  but  in  the  problem. 

The  system  presented  here  is  an  approach,  an  attempt  to  streamline 
programming  and  mechanize  some  aspects  of  coding.  Much  of  the  inspiration 
and  a  good  part  of  the  technique  derives  from  an  appreciation  of  the  aims 
and  achievements  of  Dr.  Grace  M.  Hopper  and  her  staff  at  Remington  Rand,  Inc. 

Roy  Goldf inger 


m 

Dr.  M.  V.  Wilkes,  at  the  Cambridge  meeting  of  the  Association  for 
Comiputing  Machinery,  September  9,  10,  11,  1953. 

ppp 


•J:     .i'.'J 


■.>i:'. 


i;  Lo 


■•i:;:;:'::  r: 


•:;:-is-crv 


■s/.' 


/;...tv  lOi.    ^'.i 


i.ilJ 


ffMZC 


joi;    ij 


Li.!.:::.;.    ;_  v; vtv 


doi: 


:,;.'-;j.');.'-.    :.»v:   ?\-;o 


.i..:.0c;7 


Jk-A  .    ...J. 


r  r ;  •■ .-.  •• ."  '■     ■■  f . 


!V.:;rT^;- 


■;i.-K   1:0 


•.. -..Iv' 


Section  1  Compiler  Manual 

THE  COMPILER 

1.1  This  manual  describes  a  compiler  which  was  developed  at  the  AEC  Computing 
Facility,  New  York  University,  for  use  with  the  Univac.  The  compiler  was  made 
available  in  November,  195 3>  and  has  since  been  used  successfully  in  the  prep- 
aration of  several  programs  of  varying  size.  Associated  with  the  compiler  are 
some  routines  of  a  "service  routine"  nature  which  are  designed  specifically  to 
process  the  kind  of  coding  with  which  the  compiler  deals.  At  the  time  of  this 
writing  work  is  in  progress  on  other  subordinate  routines,  and  on  library 
routines  of  general  utility.  This  manual  then  is  an  "open-ended"  description 
of  a  system,  and  it  is  expected  that  supplementary  material  will  be  made  avail- 
able in  the  near  future. 

1.2  A  compiler  is  a  program  which  takes  as  input  a  number  of  isolated  chunks 
of  coding  (called  "subroutines")  emd  assembles  them,  suitably  modified,  into  a 
"running  program"  which,  when  returned  to  the  computer,  is  capable  of  solving  a 
problem.  Once  a  running  program  is  achieved  as  an  end  product  of  the  compila- 
tion, the  compiler  is  no  longer  related  to  the  nmning  of  the  problem  except 

as  the  character  of  the  resultant  program  reflects  the  compiler  that  produced  it. 

The  nature  and  extent  of  the  effect  of  the  compiler  upon  the  resultant 
program  is  a  matter  of  some  concern.  The  end  result  should  not  be  limited  by 
its  "inherited  characteristics",  or  put  another  way,  the  final  program  produced 
by  the  compiler  should  not  be  inferior  to  another  program,  for  solving  the  same 
problem,  produced  without  the  aid  of  a  compiler. 

In  the  system  presented  here  particular  attention  has  been  given  to  the 
matter  of  avoiding  undesirable  "inherited  characteristics."  The  aim  has  been 
to  insure  that  the  running  program  produced  by  the  compiler  be  as  good  a  program 
as  could  be  written  independently  of  a  compiler.  One  way  in  which  this  was 
attempted  was  to  grant  the  programmer  the  greatest  possible  amount  of  control 
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Compiler  Manual 

over  the  behavior  of  the  compiler,  even  to  the  extent  of  requiring  that  the 
programmer  assume  clerical  tasks  which  the  machine  could  be  made  to  accomplish 
easily.  It  is  sometimes  more  profitable  to  require  less  of  the  machine.  Where 
the  machine  might  proceed  in  some  inflexible  va.y  to  assign  memory  locations  in 
the  running  program,  for  example,  the  programmer,  if  given  control,  may  arrange 
the  memory  as  he  wishes. 

What  has  resulted  from  these  considerations  is  a  compiler  with  the  follow- 
ing characteristics: 

A.  The  compiler  produces  coding  which  line  for  line  (with  rare 
exceptions)  Is  identical  with  straight  Univac  coding. 

B.  It  makes  the  entire  memory  available  to  the  nmning  program. 

C.  It  places  no  restriction  on  the  extent  of  cross  references 
between  subroutines. 

D.  It  permits  both  the  program  tape  and  the  memory  to  be 
organized  in  whatever  manner  is  best  suited  to  the  problem. 

1.3  The  general  procedure  which  the  programmer  follows  in  using  the  compiler 
is  as  follows: 

A.  The  programmer  plans  to  utilize  subroutines  already  available 
In  the  general  library. 

B.  He  writes  the  coCing  which  is  unique  to  his  problem  as  one  or 
more  subroutines  according  to  the  rules  in  Section  2  of  this  manual. 

C.  He  prepares  a  "directory",  as  described  in  Section  3,  which 
specifies  how  the  program  tape  and  the  memory  shall  be  organized. 

D.  He  utilizes  the  Univac  under  control  of  the  compiler  to  write 
the  nmning  program. 

The  result  of  step  D  is  a  tape  which  is  ready  to  be  run,  or  at  least  tested, 
on  the  Univac. 
opp  -2- 
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Compiler  Manual 

lA  The  following  sections  of  this  manual  discuss  the  use  of  the  compiler 
in  detail. 

Section  2 

SUBROUTINES 

2.1  Introduction  snd  definition  of  terms.  The  basic  function  of  the  compiler 
Is  to  assemble  subroutines.  The  term  "subroutine"  does  not  admit  of  precise 
definition.  It  can  be  given  a  fxmctional  meaning  which  ascribes  to  a  subroutine 
the  potentiality  for  performing  a  particular  task  essential  to  the  completion 
of  a  program.  While  this  is  the  usual  definition  it  does  not  entirely  suit  us 
when  we  consider  subroutines  in  the  light  of  compilers.  It  is  far  more  con- 
venient here  to  consider  subroutines  as  the  ingredients  which  the  compiler 
compiles  into  a  program,  leaving  it  to  the  programmer  to  determine  for  himself 
what  he  shall  call  a  subroutine.  For  example,  if  it  is  a  particular  program- 
mer's practice  to  consolidate  his  constants  in  a  separate  section  of  the  memory 
he  will  find  it  convenient  to  call  his  set  of  constants  a  subroutine  and  com- 
pile it  in  the  same  way  that  he  compiles  the  other  basic  components  of  his 
program. 

The  unit  element  on  which  the  compiler  operates  is  the  individvial  line  of 
coding  within  the  subroutine,  A  line  of  coding  consists  of  the  customary  left 
hand  and  right  hand  instruction  to  the  Univac  expressed  in  the  C-10  code,  to- 
gether with  an  additional  character  or  characters  imbedded  in  certain  of  the 
lines  indicating  how  the  addresses  on  that  line  shall  be  modified  to  make  the 
subroutine  capable  of  functioning  correctly  anywhere  in  the  memory.  Each  sub- 
routine is  originally  coded  in  relative  form  in  which  the  first  line  of  the 
routine  is  assigned  the  memory  location  number  000  and  succeeding  lines  numbered 
consecutively  thereafter, 
opp  " 
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Compiler  Mannal 

2.2  The  label  line.  Line  000  of  the  subroutine  is  reserved  for  the  label  line 
which  carries  the  label  of  the  routine,  its  number  of  compilable  lines,  and  a 
sentinel  which  identifies  it  as  the  first  line  of  a  subroutine.  A  typical 
label  line  is: 

PQO  028  000  00/ 
in  which  PQ  is  the  two-Univac -character  label  assigned  the  routine;  028  is  the 
number  of  lines  in  the  routine  which  will  be  transcribed  onto  the  program  tape, 
and  the  terminal  ignore  is  the  sentinel  which  identifies  this  word  as  the  label 
line  of  a  subroutine  in  the  library.  NOTE;  Where  a  subroutine  is  longer  than 
one  block  it  is  not  permissible  to  allow  an  ignore  to  appear  as  the  12th  digit 
of  the  first  word  of  succeeding  blocks  of  the  routine. 

2.3  Internal,  external,  and  absolute  references.  The  address  portion  of  an 
order  on  a  line  in  a  subroutine  can  have  one  of  several  meanings.  It  can  be 
irrelevant  (as  in  the  K  instruction),  or  it  can  refer  to  a  part  of  the  memory 
which  is  always  fixed,  such  as  a  line  of  the  floating  decimal  routine  (which 
has  been  frozen  in  880  to  999)  or  perhaps  000  in  setting  the  overflow  constant. 
Such  an  address  is  called  an  absolute  reference,  and  is  not  meant  to  be  modified 
by  the  compiler. 

The  kind  of  address  with  which  the  compiler  is  more  concerned  is  called  a 
relative  address,  one  which  is  meant  to  be  modified  by  the  compiler.  Such  an 
address  always  refers  to  a  line  of  a  subroutine  relative  to  its  starting  line. 
It  can  refer  to  a  line  in  the  subroutine  in  which  it  is  located,  or  it  can  refer 
to  some  line  in  an  entirely  different  subroutine.  In  the  former  case  it  is 
called  an  Internal  reference,  and  in  the  latter  case  an  external  reference .  The 
9th  digit  position  in  a  line  of  coding  which  contains  a  relative  address  is 
utilized  to  indicate  to  the  compiler  how  that  line  shall  be  modified. 
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CoiEpiler  Manual 

For  Internal  references; 

L  in  the  9th  digit  position  indicates  that  the 
left  hand  address  is  relative. 

R  in  the  9th  digit  position  indicates  that  the 
right  hand  address  is  relative. 

W  in  the  9th  digit  position  indicates  that  the 
whole  line  is  relative. 

For  external  references: 

X  in  the  9th  digit  position  indicates  that  the 
whole  line  refers  relatively  to  another  subroutine. 

The  2nd  and  3rd  digit  positions  carry  the  label  of 
the  subroutine  to  which  reference  is  made. 

A  function  of  the  con5)iler  is  to  modify  each  relative  address  by  addition 

of  a  value  which  will  change  it  into  an  absolute  address  in  the  running 

program. 

2.1*  Sentinel  line.  The  ending  rentinel  for  a  subroutine  is  a  word  of  printer 
breakpoints  ff^itt  tttMt-     It  appears  on  the  line  of  the  subroutine  which 
corresponds  to  the  line  number  in  the  4th,  5th,  and  6th  digits  of  the  label  line. 

2.5  E^ggnple.  In  the  following  example  it  is  assvuned  that  routine  A2  has  trans- 
ferred control  to  routine  SC  (Servo  change)  line  001,  and  that  SC  will  return 
control  to  A2  after  modifying  two  of  its  lines. 


000 

SCO  oil 

000  00^1^ 

001 

50  009 

low  010 

002 

B   010 

FOW  007 

003 

EA2  QQh 

HOX  OOU 

OOi* 

;6     000 

FOR  008 

005 

EA2  005 

COX  005 

006 

0A2  000 

UOX  004 

007 

101  111 

101  111 

008 

101  111 

111  111 

009 

WHA  T^ 

ERV  0/1 A 

010 

M 

- 

oil 

mm 

FILL 

m  m 
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Compiler  Manual 
2.5  continued. 

Under  the  assumption  that  routine  SC  is  compiled  so  as  to  start  in  memory 
location  135  and  A2  in  OlU,  that  part  of  the  program  tape  into  which  SC  is 
compiled  will  look  aS  follows: 


135 

000  SCO 

000  oil 

136 

50  Ikk 

10  1^5 

13T 

B   145 

F   142 

138 

E   018 

H   018 

139 

■,6    000 

F   143 

lUo 

E   019 

c  019 

lifi 

000  014 

u  018 

1U2 

101  111 

IQl  m 

11^3 

101  111 

111  111 

ikk 

WHA  T/^.S 

ERV  0^ 

lh5 

m 

- 

In  this  example  note  particularly  the  transformation  of  the  label  line, 
and  the  fact  that  there  is  a  line  of  coding  on  the  program  tape  corresponding 
to  each  line  in  the  uncompiled  subroutine  not  including  the  line  of  printer 
breakpoints.  Line  l46  in  the  compiled  program  will  be  the  label  line  (trans- 
formed) of  the  next  subroutine  which  is  compiled. 

2.6  The  library  tape.  Subroutines  are  stored  on  a  tape  which  is  called  the 
library  tape.  There  is  an  initial  sentinel  block  whose  first  word  is  -ZZ  Z2Z 
ZZZ  2Zj[,   and  a  final  sentinel  block  whose  first  word  is  ZZZ  Z2Z  ZZZ  ZZ/.  The 
contents  of  the  remainder  of  these  two  blocks  is  of  no  significance.  Between 
the  two  terminal  blocks  the  subroutines  are  stored  in  order  of  increasing 
Ifeivac  magnitude  with  respect  to  label  lines. 

The  compiler  can  take  its  input  of  subroutines  from  either  of  two  library 
tapes.  To  standardize  procedure  it  is  recommended  that  the  tape  which  consists 
of  general  library  routines  be  mounted  on  servo  6,   while  the  tape  which  contains 
the  subroutines  which  are  xmique  to  the  problem  being  compiled  be  on  servo  3* 
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2.7  Special  considerations.  It  should  be  apparent  that  two  different  sub- 
routines cannot  occupy  parts  of  the  same  block  on  the  library  tape,  and  that 
the  label  line  of  a  subroutine  is  alVays  in  word  00  of  the  first  block  of  the 
routine.  It  follows  that  subsequent  blocks  of  a  subroutine  should  not  have  an 
ignore  in  the  12th  digit  position  of  the  first  word  of  the  block. 

It  is  not  possible  to  refer  relatively  to  two  different  subroutines  in 
the  same  line  of  coding.  However  reference  can  be  made  to  an  external  routine 
and  an  absolute  address  by  coding  the  absolute  address  in  fourth  zone  alphabetic 
equivalents  of  first  zone  numerics.  (The  Univac  system  at  NYU  has  been  modified 
to  permit  the  use  of  a  f oxirth  zone  equivalent  for  zero . )  The  compiler  will 
convert  such  alphabetic  addresses  to  their  numerical  equivalents  whenever  they 
occur  as  a  part  of  an  external  reference. 
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THE  DIRECTORS 

3.1  Introduction.  The  directory  provides  all  of  the  control  information 
required  for  a  compilation.  It  tells  the  compiler  which  subroutine  to  seek  on 
the  library  tape,  on  which  library  tape  to  look,  and  how  to  modify  the  routine 
it  finds. 

The  order  in  which  subroutines  are  placed  on  the  program  tape  is  determined 
by  the  order  in  which  they  are  listed  in  the  directory.  Should  it  be  necessary 
to  begin  a  subroutine  on  a  multiple-of-10  line  (to  preserve  latency  time, 
perhaps),  or  at  a  block  beginning,  or  just  to  leave  expansion  room  in  the  com- 
piled program,  there  are  directory  itejns  which  cause  partial  or  full  fills 
(with  words  of  skips)  of  the  program  tape. 

There  are  several  other  directory  items  recognized  by  the  compiler  which 
together  with  the  ones  already  mentioned  provide  for  a  highly  flexible  system 
for  organizing  and  controlling  the  contents  of  the  program  tape  and  therefore 
of  the  rxaming  memory.  Section  3.3  lists  and  analyzes  the  various  directory 
items. 

3-2  General  considerations.  The  directory  may  be  either  prepared  beforehand 
on  tape  or  typed  directly  into  the  memory  at  the  time  of  compilation.  In  either 
case  it  is  limited  in  length  to  three  blocks.  The  last  item  of  the  directory 
is  always  a  word  of  Z's. 

In  making  up  the  directory  the  programmer  determines  for  himself  how  he 
wishes  to  utilize  the  running  memory  of  the  problem.  The  order  in  which  directory 
items  call  for  subroutines,  together  with  the  tape  read  orders  on  the  program 
tape  determine  the  running  memory.  Relative  references  within  the  subroutines 
will  be  adjusted  by  the  compiler  according  to  the  starting  line  numbers  listed 
in  the  directory, 
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No  consistency  check  is  applied  by  the  compiler  to  the  directory  as  to  the 
organization  of  the  memory.  At  the  discretion  of  the  programmer  routines  may 
be  overlapped;  several  memory  loads  may  be  organized;  all  the  tricks  of  program- 
ming may  be  employed.  For  this  reason  the  programmer  must  exercise  care  in 
assigning  the  starting  line  nvimbers  in  the  directory.  Usually  he  must  insure 
that  his  read-in  orders  place  subroutines  into  memory  locations  for  which 
addresses  have  been  adjusted  by  the  assignment  of  the  starting  line  numbers. 
The  compiler  will  produce  a  program  tape  whenever  (l)  the  directory  is  not 
lacking  in  referents  for  each  external  reference  encountered,  and  (2)  the  tape 
search  yields  the  desired  subroutines. 

3.3  Analysis  of  directory  items.  Typical  items  in  the  directory  together  with 
their  effect  upon  the  compiler  are  listed  below: 

PQO  000  078  I8U  (Dl) 

a)  PQ  is  the  label  of  the  subroutine  to  be  compiled. 

b)  Routine  PQ  is  stored  in  the  library  on  servo  6. 

c)  There  are  78  lines  in  routine  PQ  (label  line: 
PQO  078  000  00/)  which  will  be  transcribed  onto 
the  program  tape  on  servo  5- 

d)  Each  address  in  the  program  which  refers  relatively 
to  subroutine  PQ  will  be  modified  by  an  increment 
of  iQk. 

ABZ  000  Ok9   210  (B2) 

a)  Similar  to  item  type  (Dl)  except  that  subroutine 
AB  is  stored  in  the  library  on  servo  3. 

CIZ  CCC  050  300  (D3) 

a)  Routine  01  will  be  transcribed  from  servo  3  to 
servo  5  without  attention  by  the  compiler  to 
characters  in  the  ninth  digit  position.  Lines 
of  coding  in  routine  01  will  not  be  modified. 

b)  External  references  to  01  in  other  parts  of  the 
program  will  be  modified  by  an  increment  of  300. 
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3.3  continued. 

SIO  SSS  000  600  (D'+) 

a)  Working  storage  area  SI  begins  in  memory  location  600. 
External  references  to  area  SI  are  modified  by  an 
increment  of  600. 

b)  Since  SI  does  not  exist  as  a  subroutine,  library 
tape  will  not  be  searched. 

000  FFF  000  000  (D5) 

a)  Fill  the  remainder  of  the  block  ciirrently  being 
•written  on  the  program  tape  with  skips. 

b)  Repeated  (D5)  items  cause  additional  blocks  of 
skips  to  be  written. 

000  PPP  000  000  (d6) 

a)  Fill  the  remainder  of  the  current  10-word  sub-block 
of  the  program  tape  with  skips  so  that  the  next 
subroutine  compiled  starts  on  a  multiple-of-10  line. 

b)  Repeated  (d6)  items  cause  g,dditiom,l  sub-blocks  of 
skips  to  be  written. 

000  FDR  000  000  (D?) 

a)  vrrite  the  two-block  floating  decimal  arithmetic 
(FD-1)  on  the  program  tape.  FD-1  is  taken  from 
the  compiler  instruction  tape. 

b)  The  compiler  will  insure  that  FD-1  starts  a  new 
block  on  the  program  tape  by  filling  the  previous 
block  with  skips,  if  necessary. 

c)  FD-1  is  always  used  in  memory  locations  88o  to  999- 

ZZZ  ZZZ  ZZZ  zzz  (d8) 

a)  Terminal  item  of  the  directory. 

b)  Fills  the  remainder  of  the  last  block  with  skips. 


3.4  Example.  Program  A. 

Directory :  Comments : 

00    AlZ  000  006  000        Read-in  orders  (see  below)  - 

Usually  the  last  routine 
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01  A2Z  000  178  006 
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3.U  continued. 
Directory :  ( continued ) 

02  000  PPP  000  000 

03  EXO  000  lOli-  190 

oU   uo  000  038  29^ 

05  000  FFF  000  000 

06  A3Z  CCC  060  350 

07  000  FDR  000  000 

08  sio  sss  000  600 

09  zzz  zzz  zzz  zzz 


Comments :  ( continued ) 

Partial  fill  because  the  routine 
vhich  follows  is  coded  for  minimum 
time. 

Routines  EX  and  fl  are  library 
routines . 


Lumped  constants  for  routine  A2. 


Workir.ti  storage  -  necessary  item  in 
the  directory  only  if  SI  is  referred 
to  relatively. 


Subroutine  Al: 

000    AlO  006  000  00/ 

11  000  31  060 

31  120  31  180 

31  21^0  31  300 

31  350  31  880 

30  9U0  61  000 


001 
002 
003 
OOl^ 
005 
006 


Read-in  orders  for  Program  A,  reading 
in  the  program  in  the  order  in  which 
the  component  parts  were  put  on  the 
program  tape  as  given  in  the  directory. 


FILL 


3.5  Commepts .  In  the  example  given  in  the  previous  section  it  might  be  noted 
that  several  economies  could  be  effected  in  the  directory.  Item  5>  for  example, 
is  not  necessary  since  a  fill  of  the  remainder  of  the  3OO  block  on  the  tape 
could  have  been  accomplished  by  callinc  for  the  floating  decimal  routine  before 
calling  in  the  constants  (subroutine  A3)  rather  than  after.  The  tape-read 
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3.5  continued. 

orders  of  subrcutr'.ne  Al  wou?.d  then  be  clianced  to  read  blocks  into  880  and  oko 

beforp  re«viinff  a  block  into  350  cf  the  memory. 

Line  8  of  the  directory  in  the  e:cariple  can  also  be  omitted  in  the  follow- 
ing vay:  The  purpose  of  line  8  is  to  carrj'-  the  information  that  SI  begins  in 
memory  location  6OO.  The  SSS  serves  only  to  inliibit  tape  search  for  a  routine 
called  SI.  However,  directory  iter-S  of  the  form  P?P,  FFF,  and  FDR  can  be  made 
to  carry  the  same  information  as  line  8  while  still  serving  their  original 
function.  Thus,  line  2  of  the  sarrple  directory  could  read  SIO  PPP  000  60O, 
and  line  8  omitted. 

There  are  occasions  when  it  might  be  convenient  to  leave  blank  space  in  a 
directory  on  tape  for  future  filling  in.  The  item  000  SSS  000  000  will  produce 
no  effect  on  the  prcgrsja  tape  provided  that  there  are  no  external  references 
to  a  routine  00. 

The  programmer  will  conceive  of  other  devices  by  which  the  directory  can 
be  made  to  provide  added  flexibility  in  the  way  in  which  a  program  can  be 
organized.  This  is  particularly  true  as  the  program  increases  in  length, 
running  to  more  than  one  memory  load.  VJithin  a  few  lines  of  directory  items 
the  programmer  can  specify  that  certain  subroutines  be  repeated  on  the  program 
tape  (in  different  memory  locations  in  each  memory  load,  perhaps)  while  others 
are  frozen  in  the  memory.  Lengthy  program  tapes  can  be  written  with  a  con- 
siderable economy  of  control  infor-iiation.  Experience  together  with  an  under- 
standing of  the  logic  of  the  compiler  will  supply  the  solution  to  many  problems 
in  program  organization. 
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OPLRATim   IiI3T-lUCTI0i;b 


l^-.l      Servos 


l\.»2     Breakpoints 


)4.,3  S»C«  typewriter 
h»h     Procedure 


t4..5  Typeouts 


1,   Compiler  System. 

2»   Directory  (unless  typed-in  nicniually ), 

3»   Library  o.r  subroutines  (coding 
unique  to  the  problem). 

5.  Blank  (to  receive  compiled  program). 

6,  Library  of  su.broutinos  (general 
library  routines). 

^»   Normal ,  no  transfer  reads  in  directory 

from  servo  2. 

Force   transfer   to   type   in  c'iractory 
from   supervisorj'-  control. 

^»      Jo r c e   t r an s f e r   tc   change   a   cUrecUrry 
item. 

Horraal. 

Initial  read  the  compiler  and  use 
breakpoints  I4.  and  5  as  indicated. 

Clear  C  at  any  time  to  rci-jind  all 
tapes  and  initial  rea-i  locator. 

i\iormally  the  only  typeouts  of  signi- 
ficance are  the  directory  items.   J?.ch 
item  is  typed  out  just  'oefore  breakpoint  5 

However,  the  follovjing  er:''or  typeouts 
can  occur.  [  -  1  denotes  "contents  of'. 

"REPLACE  SKP"  occurs  if  a  line  of  the 
directory  read  in  from  servo  2   contains 
12  zeros.   Compiler  calls  for  a  type-in 
to  memory  location  820  plus  the  nm'.iber 
of  the  director--/-  item. 
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ij.«5  Typeouts  (continued )   "I'^^OT  IH  LIB-  [Directory  itsm]'- 

oocurs  if  the  sii'v-.'outine  callec":  foi- 

could  not  ";e   .found  on  the    ta»e    sreci.fied, 

/ill   tapes  revn.R';!   and  conpiler   etop^., 

Cl'var  C    Olid  rocoriipil'^,    fcrci'n,/;  ti-^...sie;i.' 

on   vrealrpcint   5   to  coi*roct   tlw   ::'uulty 

item. 

"JOT   Ij  riR-   [Directory   item]    [ : L^. ••  e rnal 

referexice   line]"    occurs   if   the  re:C;r.sxit 

of   some   ei'Cternal  reference   caraiot  bo 

found   in  the   dj.rrtCtory.      All   t?ipes   rev.::-Td 

and  coropiler   stops. 

"r'O   3KPTS-    [Diroctorj    item]'*   occurs 

if  the  ccrapiler  cannot   find   ths   line- 

of-breairpointsi    sentinel    at   the   end  of 

the    sabroutine.      All    tapes   rewind   ynd 

the   c  o  lap i  1  e  r   stops. 

I|.6  I'Tote»  Whenever  the  compiler  ic  rur  with  the  3uxjervi?ory 

control  output  Gvd.tch  in  the  "skip''  position,  it  is  desirable 
to  place  the  br«:akpoint  switch  in  "breakpoint"  position.   A 
coTiina  breakpoint,  instruction  occurs  in  the  co'^'ing  prior  to 
each  of  the  err'or  typeouts. 
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5.1  An  vrnderstandl-ig  cf  the  cor, stir c  :.:.c'^.  nnr^^  loflc.  o.C  the  compile::'  i;-.  cei-t.-.in 
to  lead  to  r^ore  ad-T-ntp.geou.';  uce  of  tho  rrVDio'-itiJie  method  o.C  jiroframmiug  as 
well  as  to  the  continuinr;  discovsi-;.-  o"?  rov  tcchnicjues  in  the  use  of  the  com- 
piler and  related  roVctine!-. .  'rn'-c  •>M,rt  or  the  Cojip.iler  Martial  vill  outline 
the  construction  cf  the  .::omo-.".er.  7.'o  pursv.a  the  su')j2Ci-,  further  it  -rould  be 
desirable  to  obtain  f^rs:   ^tu'!^.:/  the  ""i.c'-  d-lag-.'a'i.':  an'1  cocling. 

5.2  The  coaprMer  vi^-'./id  orcrrall  e-nbracc-.  subroutines  AO  through  A2,  AA  through 
AG,  and  CC.  Briefly  sbatel,  oach  sub'.'ou ::' r-e  fu.'.fi]i3  the  fcllovl-j'  functions: 

Subroutine  AO  rea.ls  in  the  in:;tr-.-.ction  tape,  sets  the  clear  C  option,  and 
initializes  counter^-  to  eli;;iinate  the  necrjity  for  u,  cleared  neinory. 

Subroutine  Al  obtr.in<^  anJ  store;  Lhe  -.'irectory  in  the  msncry  by  type-in  or 
tape-read  acccrding  to  thii  ..-iptior  selected  at  breal^oint  k.     The  tape  read- 
in  of  a  vord  of  reros  is  ..-ejcrted  and  a  replacement  called  for.  A  full  vord 
of  Z's  terminates  the  loop  i:.  either  option. 

Subroutine  A?  is  the  main  control  or  svitchirf;  center  of  compiler 
activity . 

Subroutine  AA  searcher  a  library  tape  for  a  cuhi'O'voiac  called  for  in  the 
directory.  A  "Z"  in  the  da:.-ec;:,ory  item  calls  for  a  read  of  Servo  3^  other- 
wise Servo  6  is  searched.  The  directlcn  of  read  is  determined  by  examining 
the  next  D.abel  lirie  o:.  the  tap^^  for  magnitude  with  respect  to  the  label  line 
desired .  Tape  is  then  read  in  the  oelect  :^d  direction  \uitil  either  the  routine 
is  found  or  an  end  Bentir.el  bloc]-:  or.  the  tape  is  T±'^y^.fc':   un.  In  the  latter 
case  the  error  type-out  "HOT  :?I  Lr3-"  recurs,  all  tapes  rewind  and  the  com- 
piler shuts  do^m.  Too  maty  pccsibilities  for  error  ?xist  to  su'^gest  a 
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unique  course  of  corrective  i.c'-.ioi  for  "^.his  evror. 

Subroutine  AB  searches  the  directory  fro.n  first  lino  to  Z's  for  a  referent 
for  each  external  reference  eiiccu:.-itered  in  the  coding  being  co:T:piled.  Only 
the  first  two  digits  of  each  '■'irectory  itf2in  are  checked  against  external  re- 
ference labels.  The  last  three  digits  i-^  the  item  on  which  agreement  is 
reached  are  taken  to  be  the  (Starting  line  to  be  added  to  both  halves  of  the 
extern^.l  reference  lino,  Tf   ■^hp  rofer-^nt  js  not  fnnrrl  the  t^'pe-out  "IDT  II\' 
DIR-"  occurs]  compiler  shuts  cown. 

'-■ubjroutine  AC  picks  up  lir?s  of  the  S'^broutine  undergoing  processing.  When 
■che  end  of  the  input  block  is  reached  without  the  terminal  sentinel  of  printer 
breakpoints  having  been  sensed,  subroutine  AC  checks  against  the  line  count 
number  in  the  label  line  to  determine  whether  there  should  be  an  additional 
block  after  the  present  one.  If  not,  the  typeout  "WO  BKPTS-"  occurs.  Note 
that  this  e-;:^cr  detector  is  quite  easy-going,  accurate  only  to  within  a  block. 

Subroutine  AD  places  a  single  word  in  the  output  block  and  writes  on  tape  5 
when  the  block  is  filled,  "t  alrro  records  the  count  of  blocks  accomplished 
in  mem.  loc .  71^-  This  number  is  not  t;;,'ped  ont  by  the  compiler,  but  is 
available  if  desired . 

Subroutine  AS  is  the  sensory  center  of  the  compiler.  It  examines  each 
directory  item  in  turn  to  determine  what  mode  of  operation  is  being  requested. 
The  sensitive  Uth,  5th,  and  6th  digits  of  the  item  are  tested  first,  and  if 
they  are  greater  than  zero  it  is  determined  that  something  other  than  a 
straightforward  tape-search,  process-subroutine  sequence  is  called  for. 
Equality  tests  of  the  three  digits  againr^t  CCC,  FFF,  PPP,  FDK,  SSS,  and  ZZZ 
occur,  one  of  which,  it  passed,  produces  the  effect  described  in  Section  3  of 
this  manual.  Note  that  the  test  is  against  three  digits  only.  If  none  of 
these  tests  is  passed  control  is  transferred,  to  Subroutine  AGc. 


•     :*  r .  ,• 


•  .  ( .      ,    . .  .  \.  «.  . 


;  '■■<■ 


Compiler  Manual 
Svb routine  AF  performs  fill  opera,tioas. 

Subroutine  AG  is  Modification  I,   discussed  in  Section  6.  It  employs  AA  to 
locate  the  routine  desired,  reads  it  forward  to  its  last  block,  searches  for 
the  terminal  sentinel  line  and  transfers  the  keys  out  of  the  input  block  to 
a  safer  place  in  the  memory.  In  using  the  keys  to  determine  where  additions 
in  the  subroutine  being  processed  are  to  take  place,  it  proceeds  backwards 
through  the  keys,  writing  the  processed  blocks  in  reverse  order  on  Servo  U. 
Subroutine  AG  then  sets   Subroutine  AC  to  rear?  Servo  k  backward  during 
compilation  instead  of  a  library  tape  forward. 

Subroutine  CC  contains  lumped  constants. 

5.3  All  of  the  task  routines  AA  through  AG  are  entered  with  an  R  -  U  ins 
instruction  from  the  main  control  section.  Only  AC  has  a  variable  exit 
depending  on  whether  the  last  line  of  the  subroutine  has  been  reached.  All 
subroutines  use  the  common  store  of  constants  in  CC,  and  a  common  working 
store  in  memory  locations  700  through  715' 
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MODIFICATION  I 

6.1  The  fimction  of  Mod  I  in  the  compiler  is  to  permit  the  transfer,  at  the 
time  of  compilation,  of  half  or  vhole  lines  of  information,  'parameters', 
from  the  directory  into  preselected  lines  of  the  subroutine.  The  modification 
was  motivated  by  the  need  to  have  generalized  routines  available  in  the  tape 
library  which  could  be  altered  by  the  compiler  under  directory  control  to 
'particularize'  them  for  the  problem  being  compiled. 

6.2  The  subroutine  is  generalized  by  having  whole  or  half  lines  of  coding  in 
which  undetermined  digit  values  are  stored  as  zeros-  For  example,  a  tape 
rewind  order  for  an  undetermined  servo  bec->!nes  6o,000.  Such  a  half  or  whole 
line  is  termed  a  'blank' in  the  subroutine.  The  blanks  are  filled  by  the 
compiler  by  adding  half  or  whole  words  from  the  directory. 

The  'keys'  to  the  blanks  ar3  stored  in  the  lines  following  the  printer 
breaJqjoint  sentinel  at  the  end  of  the  subroutine.  Each  key  is  a  half  word; 
there  is  a  key  for  each  addition  which  is  to  occur.  For  example,  if  line 
036  of  the  subroutine  is  60  000  K  000,  the  corresponding  key  might  be  O36LOI, 
where  L  states  that  the  left  half  of  O36  is  a  blank  (R  for  right,  W  for  whole 
line)  and  01  specifies  in  which  directory  line  the  additive  to  036  is  to  be 
found  -  see  below. 

The  keys  are  tenrinated  by  either  a  half  word  of  Z's  on  the  right  or 
a  full  word  of  Z's. 

'    The  keys  may  extend  over  into  the  following  block  of  the  library  if 
necessary.  There  is  an  8o-line  (-160  keys)  limit,  however. 

The  key  ZZZOOO  produces  no  effect. 

The  lines  referred  to  in  the  keys  should  be  in  ascending  order  of  blocks. 

6.3  The  directory  supplies  the  parameters  to  be  inserted  into  the  blanks. 
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Compiler  Manual 
The  directory  item  which  calls  for  the  subroutine  must  carry  in  digits  k, 
5,  and  6  the  number  of  directory  lines  bearing  parameters  which  follow. 

The  lines  of  parameters  are  referred  to  in  the  keys  relative  to  the 
call  item  which  is  considered  to  be  line  00  in  this  scheme. 

Whenever  a  subroutine  to  be  processed  under  Mod  I  contains  more  than  one 
block,  a  blank  tape  is  required  on  servo  h  during  compilation. 

The  compiler  fills  the  blanks  first,  then  compiles  in  the  normal  manner. 
6.U  Example :  A  possible  (though  unlikely)  library  routine  - 

000  MFO  OOU   000  00/ 

001  10  000   30  000 

002  30  000   30  000 

003  6o  000   

OOh      ji^^  ^'0      ^^^  ]^^ 

005  001  WOl   002  W02 

006  003  LOl   zzz  zzz 
If  the  directory  were  to  contain  - 


MFO  002  004  ... 

050  000  050  600 
050  660  000  720 


then,  before  being  compiled,  MF  would  become 

000  MFO   OOij-   000  ooi 

001  15   000   35   600 

002  35    660   30   720 

003  6S    000    —",':■, 

004  #^  M     m  PPP 
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Compiler  HanuaD. 

6.5     ^  v}ove   cov.ipact   treatraent   would  be   -- 

000  MPO   00l{.      000   00/ 

001  10      000      30      000 

002  30     060 

003  60     000      3'Jr     120      (\i/   is  Ji.th   zone   zero,  ) 

ooi+     m  Ui   rU  iU 

005        001    v'iOl      002   ROl 

006      003  vroi    zzs  zzz 


and   - 


I1?C    001    OOlj    ... 

o5o  000  o!::o  6oo 
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Compiler  System 
THE  LIBRARIM 

1.  The  Librarian  processes  library  tapes  by  inserting  and  deleting  sub- 
routines from  the  library  and  produces  on  the  supervisory  control  typewriter  a 
listing  of  the  contents  of  the  new  library.  It  will  also  list  without  in- 
sertion or  deletion. 

2.  Control  for  the  Librarian  is  from  the  tape  on  servo  2.  The  following 
rules  apply: 

A.  If  the  first  word  of  a  block  on  tape  2  is  a  label  line,  tape  2  is 
copied  into  the  new  library  in  the  alphabetically  proper  location. 
The  number  of  blocks  copied  is  indicated  by  the  line  count  nianber  in 
the  label  line. 

B.  If  the  first  word  of  a  block  on  tape  2  is  a  word  of  minus  signs  a 
deletion  is  indicated.  The  following  word  on  tape  2  identifies  the 
routine  which  is  to  be  deleted  from  the  library  by  reproducing  its 
label  line. 

C.  More  deletions  may  be  indicated  in  the  same  block  on  Servo  2  by 
preceding  each  label  line  with  a  word  of  minus  signs. 

D.  A  word  of  zeros  causes  the  next  block  on  tape  2  to  be  read. 

E.  A  word  of  nines  terminates  tape  2  control. 

F.  The  routines  inserted  and  deleted  under  tape  2  control  must  be  dealt 
with  in  alphabetic  order  of  label  lines. 

3.  Servos . 

A.  Inserting  and  deleting; 

Servo  2.  Control  tape 

6.  Blank 

7.  Old  library 

B.  Listing  only: 

Servo  6.  Library 
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Compiler  System 
k.     Breakpoints.  1.  Force  transfer  to  change  servos  6  and  T*  The  input 

tape  is  the  old  library  the  output  tape  is  the  blank 
to  receive  the  new  library.  For  listing  only:  input  = 
output . 
2.  Force  transfer  to  list  only. 

5.  Supervisory  control  type-^-nriter .  normal 

6.  Ending  procedure.  When  copying  of  the  library  is  completed  the  old  tape 
is  rewound,  the  new  one  read  backwards,  then  rewound,  and  the  Univac  stops  on 
a  90  instruction.  Press  start  bar  to  rewind  tape  2;  put  skip  in  the  static 
register  to  leave  tape  2  positioned  and  call  in  the  locator.  The  directory 
for  a  compilation  may  follow  the  Librarian  control  information  on  tape  2. 

7.  Abnormal  typeouts. 

"NO  IGNORE  /tape  2/" :  A  word  in  label  line  position  on  tape  2 
does  not  have  a  terminal  ignore.  Routine  calls  for  a  type-in  to 
make  correction. 

"NO  DELETE  /tape  2Jf" :   Label  lines  on  tape  2  and  tape  7  do  not  match. 
Deletion  request  ignored  by  the  Librarian. 

8.  Clear  C  to  rerun. 
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Compiler  System 


SUBROUTDJE  CORRECTOR  (lARRY  l) 


1.  The  subroutine  corrector  copies  a  library  tape  with  manual  corrections 
and  compares  the  input  and  output  tapes  when  copying  is  completed. 


2.  Servos . 

3.  Brealcpoints . 


k.     S.  C.  Typewriter. 

5.  Type-ins. 

"IKPUr-OOTPUT" 
"S-R  AHD  WD" 


6.  "EKD  COPY  OOBB'J 


7.  Clear  C  for  rerun. 


Any 

9.  Force  transfer  to  compare  input  and 

result  tapes.  Return  typewriter  carriage 

before  forcing  transfer. 

Computer  digit  -  3  word  (39  digits) 

:   Input  and  output  servo  nvmibers 
:   OOOOPQGOOLLL  where  PQ  is  the  routine 
label  and  LLL  is  the  line  of  PQ  to  be 
corrected.  Apply  corrections  in 

ascending  order  of  blocks. 
:   ZZZZZZZZZZZZ  after  last  correction. 
BE  is  the  number  of  blocks  in  the 
library . 
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Compiler  System 

MIKE  I 
General  Description; 

Mike  I  is  a  routine  designed  to  check  a  library  tape,  i.e.,  a  tape  of 
subroutines  prepared  for  use  in  conjimction  with  the  compiler.  The  routine 
checks  for  three  things:  (l)  it  checks  to  see  if  the  subroutines  appear  on 
the  tape  in  alphabetic  order  (if  not,  the  typeout  "tape  not  in  alphabetic 
order"  occurs);  (2)  it  checks  to  see  if  the  word  of  printer  breakpoints  {^) 
is  where  it  should  be  in  each  subroutine— namely,  on  line  corresponding  to  the 
number  of  lines  in  the  subroutine  as  indicated  in  the  label  line  (if  not,  the 
typeout  "breakpoint  misplaced"  occurs);  (3)  it  checks  for  proper  use  of  the 
9th  digital  position  throughout  each  subroutine.  IMPORTANT;  All  typeouts 
in  category  (3)  <3o  not  necessarily  indicate  errors.  They  merely  indicate 
where  the  programmer  might  have  misused  the   9th  digital  position.  Many  of 
these  typeouts  will  be  constants. 

Operating  Instructions; 

(1)  Set  the  typewriter  on  computer  digit  for  two  word  typeouts  (26  digits). 

(2)  When  the  routine  types  out  AAAMA  OOOWM,  it  is  calling  for  a  control 
word  of  this  form.  For  A  type  in  the  servo  on  which  the  subroutines 
to  be  processed  are  located.  For  N  type  in  the  number  of  subroutines 
to  be  processed  (the  two  sentinal  blocks  at  the  beginning  and  end  of 
the  tape  are  not  to  be  counted  as  subroutines . ) 

(3)  Breakpoint  5  is  used  for  skipping  a  subroutine  without  checking.  If 
breakpoint  5  is  depressed,  the  machine  will  stop  after  typing  out  the 
label  line  of  each  subroutine.  Forcing  transfer  enables  one  to  skip 
that  particular  subroutine  and  proceed  to  the  next  one.  The  normal 
path  (no  transfer)  checks  the  subroutine. 

(k)     Rerun:  Clear  C  and  hit  the  start  bar  twice.  The  routine  will  rewind 
servo  A  and  call  for  a  new  control  word. 

(5)  liHien  the  routine  types  out  "finished,"  it  will  automatically  rewind 

servo  A.  Hitting  the  start  bar  twice  will  result  in  the  routine  calling 
for  another  control  word. 
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Compiler  Manual 
INSTRUCTIONS  FOR  USE  OP  FLOATING  DLGIMAL  ~  1  (?D1) 

1.  FDl  is  a  floating  decimal  point  arithmetic,  single-precision, 
operating  on  real  nuitibers.   It  occupies  ini^mory  locatioas  880 
to  999  (two  blocks), 

2 .  Representation  of  nuirjbers 

a-^0 
Numbers  are  represented  in  the  form  X  =  x  •  10 

where  x  lies  in  the  range  0,1  <  |  x  |  <  1.0  and  a 

is  the  excess  $0   exponent  on  10, 

a.  Decomposed  (two -word  form): 

(  0  X-,  • . ,  X-, -,  ,  X,  /  0 

+  A  =    \ 

I  0  a,  Cp  0  , , .  0 

b.  Composed  (one-word  form): 

+  X  =  0  a.  Cp  x^  .  ••  Xn   ,  X-,  /  0 

The  character  in  the  sign  position  determines  the 
sign  of  X, 

c.  The  representation  of  X  -•  0  is  x  =  0,  a  =  0. 

3«  Overflow 

FDl  employs  a  generalized  overflow  x>rhich  transfers 
control  to  line  c  +  3  whenever  ovorflovj  occurs  on 
line  c.   The  contents  of  register  A  are  preserved, 

IMPORTANT:   Prior  to  use  of  FDl  it  is  necessary  to 
transfer  the  contents  of  memory  location  398  to 
memory  location  000  in  order  to  set  the  overflov/ 
constant, 

1^..   Input  to  FDl 

a.  Decomposed: 

(1)  Place  X  and  a  in  memory  locations  982  and 
983  respectively, 

(2)  Place  y  and  p  in  memory  locations  98i^  and 
985  respectively,  where  y  _   ,  lo'^"^^ 

b.  Composed: 

Place  one-word  arguments  X  and  Y  in 
register  A  and  register  X  respectively. 

Note:   In  both  case  a,  and  case  b,  the  decomposed  arguments 
X  and  Y  will  be  in  982,  983  and  98[j.,  985  respectively  upon 
exit  from  FDl, 
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->*    Output  of  ?::>]. 

a.  •      Tie  CO  viipo  s  .^d ; 

The   results   z   and  v  "''ill    '!^'«   fomici  in  memory 
locations  986   and  98?  res!r)ect:I  Vc.ly,   whery 

Z  =  s    .    10*^  ■'-. 

b,  Coini>osed; 

The  res'jJt  Z  will  be  .founo'  in  register'  A, 

Note:   In  both  case  a.  end  case  b,  the  dQcoioioosed  result  Z 
vjill  be  in  mei^.ory  locaciotis  9B6,  93?. 

^ •   Operation  paths 

a •   De c oinpo s e d  e ;c i t ; 

(1)  Addition  X  -i-  Y  -  Z 

(enter  composed)      R  935   -J  Q99 
(enter  deconiposed)    K  93?   ^  900 

(2)  liultiplication  X  .  Y  ~  Z 

(enter  composed)      H  935   ^j  9i+9 
(enter  deconposed)    R     935   H  950 

(3)  Division  X/Y  ~  Z 

(enter  composed)      R  935   U  93^) 
(enter  decovipossd)    R  935   'd  939 

b.   Composed  exit: 

After  any  of  the  operations  in  a» ,  the  order 
R  936   U  882  viil  put  the  coroposed  result 
Z  in  re'5ister  A.   (See  note  under  5«  Output 
_of_I^')l.) 

ALTERNATE  PROCEDFiTE:   If  a  composed  exit  path 
is  desired  for  a  succoKsion  of  arithmetical 
operations,  a  short  cut  is  to  transfer  the 
contents  of  mei-iory  location  682  to  •'■:!emory 
location  935.   Then,  use  936  as  the  addi'esi: 
in  any  of  the  ?.  orders  un.dei^  a.  above  iri  place 
of  935.   This  method  for  obtainin-T;  t}ie  composed 
exit  option  v.dll  rernain  valid  provided  an 
R  935  does  not  i/.tervene  to  destroy  the 
contents  of  ne^iory  location  935. 
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'^*      Act'Llt lonal   pro vi  s ion 3_  in   ;^;1 
&.      Decorriposition  oni"  : 

(1)  Put  X   i;rto   register  A,   7  :-x<to   i^-./^ister  X 

(2)  R     890        U     dCli, 

(3)  x.a  v;ill  be  in  982,  983;  ■"•  ,fi   vrlll  be  in 
98Ii.,  905. 

b.   Composition  only: 

(1)  Put  z  into  986,  y  i-"-to  9o7. 

(2)  R  936   U  862. 

(3)  tie  suit   in  register  A, 

c»      ^'ornalizationS 

A  nninber   is  considered  normalized  vjhen  the 
jTiOSt   significant  di^it    (xi)   is  not   zero. 
To  norraalize   a  floating  point  nuiriber; 

(1)  Decompose  if  necessary, 

(2)  Put  2  into  986,  Y  into  register  A. 

(3)  R  935   y  963. 

[k)     DecomjoBed   result  in  966,  987, 

d.   Conversion  from  fixed  to  floating  point: 

(1)  Set  Y  '"-quaD  to  the  scaD.e  factor  plus  5C. 

(2)  Rit  z  Into  9S6,  Y  into  register  A, 

(3)  R  935   U  963. 

([j.)     Decoinporod  result   :".r.  986,    98?. 

ITote:      For  a  normal  point   m.-anber   set   y  ==  5c. 
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P-5i+0527 

AEC  Computing  Facility 
Nei\r  York  University 


SUBROUTINE  Xic.E   OF  THE  .^LOATIl'TG  DECIIIAL  ROUTINE  (FD-1) 


1.  Subroutines  in  the  library  assume  that  the  result  of  each 
floating  deci'.aal  operation  is  used  as  input  to  the  next 
operation.   This  is  accomplished  by  executing  V  986  V/  982 
in  riiemory  location  935»   In  order  to  insure  the  presence 
of  this  instruction  in  935  FD-1  has  been  modified  accord- 
ingly on  the  IIYU  Compiler  System  tape. 

Memory  location  936  is  henceforth  the  normal  exit  line 
for  all  decomposed  floating  operations.   If  raemory  loca- 
tion 935  i'i  altered  to  contain  other  than  V  9C6  V/  982  it 
must  be  restored  prior  to  using  any  of  the  library  rou- 
tines.  Tha  order  B  969  C  935  will  accomplish  this. 

2,  The  follo.-jing  working  storage  and  constants  are  available 
In  FD-lr. 


Vvforking 

Stora;2;e 

976 

977 

978 

979 

980 

981 

Constants 

881 

000000000000 

•■  891 

lOOOOC  0(^0000 

897 

050000000000 

911+ 

009000000000 

917 

-10000000000 

918 

010000000000 

919 

S00911000000 

929 

OOIOOOOOOGOO 

937 

051000000000 

9i|5 

-OUOOOC00050 
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